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GEOLOGY AND URANIUM DEPOSITS OF 
MONUMENT VALLEY, SAN JUAN COUNTY, UTAH

By RICHARD Q. LEWIS, SR., and DONALD E. TRIMBLE

ABSTRACT

Exposed consolidated sedimentary rocks in the Monument Valley area, 
Utah, range from Permian to Jurassic in age and attain an aggregate thick 
ness of more than 3,000 feet. As all the uranium-vanadium deposits in the 
area are restricted to the Shinarump member of the Chinle formation of Late 
Triassic age, this study was principally concerned with that unit.

The contact between the Shinarump member of the Chinle formation and 
the underlying Moenkopi formation is marked by a number of deep scour 
channels cut into the Moenkopi and filled with sandstone and conglomerate of 
the Shinarump. All the uranium-vanadium ore deposits are restricted to the 
lower channel sediments of the Shinarump. All channels are considered 
worthwhile areas for prospecting.

The ore deposits are small tabular to lenticular bodies that range from a 
few inches to 10 feet in thickness and are commonly less than 20 feet in 
width. The ore minerals replace the cementing material in the sandstone and 
coat fractures, joints, and bedding planes. The common uranium ore mineral 
is tyuyamunite. Uranophane, autunite, and uraninite are also present in 
important quantities. The common vanadium mineral is corvusite; navajoite 
and hewettite are found in lesser amounts. The deposits are zoned both 
laterally and vertically, with the higher grade vanadium ore generally below 
and downdip from the uranium. In general the deposits are oxidized or partly 
oxidized. Most of the ore is the yellow hydrous uranium vanadate; however, 
quantities of black unoxidized ore, containing uraninite and vanadium min 
erals with an intermediate valence are found in the deeper parts of some 
deposits.

Good guides to ore within channel sediments are high radioactivity, uranium, 
vanadium, and copper minerals, and fluorescent silica, commonly hyalite.

INTRODUCTION

The Monument Valley, Utah, area is in San Juan County, in 
the southeastern part of the State. (See fig. 10.) The area is 
bordered on the south by the Utah-Arizona State line and on the 
north by the San Juan River and lat 37° 15' N., and extends from 
long 110° W. to about 110°37' W. It is 115 miles southwest of

105
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114° 112°
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FIGURE 10. Index map of Utah showing the Monument Valley area.

Monticello, Utah, via Utah State Highway 47, and about 25 
miles north of Kayenta, Ariz. All roads in the area are unim 
proved and may be temporarily impassable because of local rain 
storms or shifting sand.

The area is bordered on the south and west by high mesas. 
Within the area are many buttes, mesas, and spires, which are 
erosional remnants of the Permian, Triassic, and Jurassic rocks.

Because uranium minerals are known to occur in the Shina- 
rump member of the Chinle formation close to its contact with 
the Moenkopi formation elsewhere on the Colorado Plateaus, a
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detailed study was made of this contact in Monument Valley, 
Utah, during the summer of 1952. Of the 200 miles of contact 
in the area, about half was accessible and was examined in detail 
visually and with Geiger counters.

The geologic map (pi. 10) shows in detail the stratigraphic 
units of Triassic age in part of the Monument Valley area, Utah. 
This area was mapped earlier by Baker (1936) as part of the oil 
and gas investigations of the U.S. Geological Survey. The in 
creased interest in uranium and the discovery of significant 
deposits in the Shinarump member in Monument Valley, Ariz., 
made it desirable to reexamine part of the area. During the pres 
ent investigation the Shinarump, the overlying Chinle, and the 
underlying Moenkopi were mapped.

During the fieldwork 37 channels were found on rim exposures 
of the Shinarump member. The location, size, and shape were 
noted and the probable trends of all channels were plotted on the 
field map. Samples were taken from 16 areas where uranium 
minerals were found or high radioactivity was noted. This in 
vestigation resulted in the discovery of one significant ore deposit 
which was subsequently drilled by the U.S. Atomic Energy Com 
mission (Isachsen and Evensen, 1956, p. 264-269).

Topographic maps were not available at the time the fieldwork 
was done. The geologic data were plotted on aerial photographs 
in the field and then compiled on a planimetric base. The work 
was done by the U.S. Geological Survey on behalf of the Division 
of Raw Materials of the U.S. Atomic Energy Commission.

GENERAL GEOLOGY

Consolidated sedimentary rocks exposed in the Monument Val 
ley area, Utah, range from Permian to Jurassic in age (fig. 11) 
and have a minimum aggregate thickness of more than 3,000 
feet. Most of the rocks are red shale, siltstone, and fine-grained 
sandstone which were deeply eroded during Tertiary and Quater 
nary time. The best exposures are on the sides of the numerous 
buttes and mesas that rise above the general level of the valley.

STRATIGRAPHY

CUTLER FORMATION

The Cutler formation of Permian age crops out over most of 
the Monument Valley area, Utah, particularly in the area east of 
Copper Canyon. The total thickness of the Cutler within the area 
is not known because the base is not exposed. The Cutler has 
been divided into five easily identifiable units (Baker, 1936):
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FIGURE 11. Block diagram showing generalized geologic columnar secti9n of the formations in 
the Monument Valley area, San Juan County, Utah.
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the Halgaito tongue, Cedar Mesa sandstone member, Organ Rock 
tongue, DeChelly sandstone member, and Hoskinnini tongue.

The Halgaito tongue is red to brown silty sandstone and shale 
between 380 and 465 feet thick. The Cedar Mesa sandstone mem 
ber is gray to brown festoon-crossbedded sandstone about 500 
feet thick. The Organ Rock tongue attains a thickness of 696 
feet (Baker, 1936, p. 34). It is a series of red sandy siltstone and 
shale.

The DeChelly sandstone member ranges from 0 to 450 feet in 
thickness. It thins northward and pinches out on Monitor Butte. 
It is a massive sandstone unit lithologically similar to the Cedar 
Mesa but generally red in color. The Hoskinnini tongue is com 
posed mostly of red silty sandstone and ranges in thickness from 
100 feet to a knife edge and pinches out east of Monument Pass 
(Baker, 1936, p. 39).

In the Monument Valley area, Utah, the Cutler formation is 
conformably overlain by the Moenkopi formation. However, a 
disconformity was observed in the White Canyon area, Utah, by 
Benson and others (1952, p. 8), and near Kayenta, Ariz., about 
30 miles to the south, Baker (1936, p. 40) observed a similar 
relation.

MOENKOPI FORMATION

The Moenkopi formation of Early and Middle (?) Triassic 
age, the oldest Mesozoic rock in the region, forms a steep slope 
between the resistant Shinarump member of the Chinle forma 
tion, which caps most of the mesas, and the cliff-forming Hoskin 
nini tongue and DeChelly sandstone members of the Cutler for 
mation, below. The Moenkopi underlies about 100 square miles 
in the western part of the area, but it is exposed only in the 
sides of the steep buttes and mesas (pi. 10). The Moenkopi ranges 
in thickness from about 80 feet in the eastern part of the area 
to about 300 feet in the lower part of Copper Canyon and Nakai 
Creek. The Moenkopi formation is composed chiefly of thin red 
dish-brown to chocolate-brown sandy shale beds. Thicker sections 
of Moenkopi in the western part of the region can be subdivided 
into three units: a lower shale unit of thin-bedded alternating 
sandy shale and fine sandstone, a middle unit of two or more mas 
sive sandstone beds, and an upper unit of alternating gray and 
brown shale and mudstone. Lateral gradation of the individual 
units makes boundaries between them indefinite; therefore, 
these units were not mapped separately (pi. 10).

A marked erosional unconformity separates the Moenkopi for-
510524 O -59 -2
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mation from the Shinarump member of the Chinle formation. 
The upper surface of the Moenkopi was deeply scoured and the 
depressions subsequently were filled with sediments of the Shina 
rump member.

The uppermost Moenkopi strata have been bleached in most 
places. The red beds have been altered to drab greenish gray. 
The zone of alteration is thicker in siltstone and mudstone, and 
thinner or absent in sandstone. In most places the bleached 
zone ranges from 3 to 5 feet in thickness and reaches a maximum 
thickness of nearly 7 feet. The zone is nearly parallel to the 
contact of the Shinarump member and Moenkopi formation, and 
either follows or crosscuts bedding. It bears no relation to sedi 
mentary structures or lithologic changes in the Shinarump mem 
ber and has no apparent relation to the presence or absence of 
uranium minerals in the Shinarump.

CHINLE FORMATION

Because of the importance of the known ore deposits in the 
Shinarump member of the Chinle formation in Monument Val 
ley, the Shinarump member is described in considerable detail in 
this report. The remainder of the Chinle formation is de 
scribed in less detail under the heading "Chinle Formation, 
Undifferentiated."

SHINARUMP MEMBER OF THE CHINLE FORMATION

Exposures of the Shinarump member of the Chinle formation 
form a rough semicircular outcrop pattern in Monument Valley, 
Utah. (See pi. 10.) The Shinarump caps most of the isolated 
buttes and mesas and is exposed over approximately 70 square 
miles on the tops of the larger mesas. The member is resistant to 
weathering and forms vertical cliffs above the steep Moenkopi 
slopes. The thickness of the member is not uniform. Baker 
(1936, p. 45) reports a maximum thickness of 210 feet on the 
south side of Monitor Butte. On the east side of Monitor Butte 
and west of Copper Canyon the characteristic sandstone and 
conglomerate beds are locally missing, and for short distances 
mudstone of the overlying Chinle units is in contact with bleached 
Moenkopi. A short distance north of the San Juan River the 
Shinarump occurs only as small isolated lenses (T. E. Mullens 
and H. A. Hubbard, written communication, 1952).

For the convenience of mapping, the contact between the Shin 
arump member and the undifferentiated Chinle on the accom 
panying geologic map (pi. 10) has been arbitrarily drawn at 
the base of the first prominent and continuous mudstone unit of
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the Chinle formation. This mudstone is the lowest unit in the 
Chinle above the Shinarump that can be consistently recognized. 
Thus the area shown as Shinarump on the map contains beds 
placed in the "Chinle D" by some workers (Gregory, 1917) and 
in the Monitor Butte member by others (I. J. Witkind, R. E. 
Thaden, and C. F. Lough, written communication, 1953).

The age of the Shinarump member is considered to be Late 
Triassic because of its gradational relation with the remainder 
of the Chinle formation, which contains Late Triassic fossils, and 
its unconformable relation with the Moenkopi formation. Two 
bone fragments collected from the Shinarump in Monument 
Valley, Utah, were identified by G. Edward Lewis of the U.S. 
Geological Survey and D. H. Dunkle of the U.S. National Mu 
seum. One bone was identified as a vertebral centrum belonging 
to the phytosaurs; another, as a cephalic plate of a labyrinthodont 
belonging to the family Metaposauridae; both indicate a Late 
Triassic age.

The Shinarump member is composed chiefly of crossbedded 
sandstone, with minor lenses of conglomerate, sandy siltstone, 
and mudstone. The sandstone is generally light gray, but locally 
is red to buff.

The sand grains are chiefly quartz and quartzite with lesser 
amounts of chert. Other minerals are rare and, in order of their 
abundance, consist of feldspar, zircon, tourmaline, and garnet. 
The presence of microcline feldspar and strain-shadowed quartz 
with sutured edges within individual grains suggests that much 
of the material probably was derived originally from meta- 
morphic rocks.

Silica cement is the most common, but calcite is particularly 
abundant in the channel sediments. Most thin sections show that 
grains in the sandstone are tightly packed and that individual 
grains have sutured surfaces and overgrowths. Small fragments 
of sandstone indicate that some of the material is derived from 
older sediments.

The unconformable contact between the Shinarump member 
of the Chinle formation and the Moenkopi formation is a sharp 
lithologic break and can be easily seen in the field. It is marked 
by a number of deeply scoured channels. These scours were 
probably cut in the Moenkopi formation by the same streams that 
deposited the sediments of the Shinarump member.

The channels range in depth from 20 to 200 feet and in width 
from 40 to 2,000 feet. Figure 12 and table 1 show the general 
northwest trend, size, and mineralization of the channels. The
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general northwest trend is the same as that observed by I. J. 
Witkind, R. E. Thaden, and C. F. Lough (written communica 
tion, 1953) in Monument Valley, Ariz. Some of the channels are 
traceable for several miles (fig. 12), but most are represented 
only by 1 or 2 exposures on the mesa rims and their lineal extent 
and continuity have been inferred. In cross section the chan 
nels can be divided roughly into five types (fig. 13): symmetrical,

SYMMETRICAL CHANNEL ASYMMETRICAL CHANNEL BULGE-SIDED CHANNEL

EXPLANATION

Moenkopi formation

DOUBLE CHANNEL

100

CHANNEL IN CHANNEL 

0 100 200 Feet

FIGURE 13. Cross sections of five types of channels.

asymmetrical, channel within a channel, bulge sided, and double. 
In most places the channel terminations are not observable, but 
channel 31 (fig. 12) seems to broaden and become gradually 
shallower along its course and finally to grade into a group of 
shallow depressions on the contact.

Some of the channels in the area form geographic and, per 
haps, genetic groups. These groups commonly consist of 1 or 
2 large channels and a number of closely spaced smaller chan 
nels. Three such channel groups are known: one on Oljeto Mesa 
associated with the Skyline channel (pi. 11), one on Holiday 
Mesa (fig. 14), northwest of the Oljeto Trading Post, and one 
south of Monitor Butte. The trends of the channels and the as 
sociated sedimentary features indicate that they diverge to the 
northwest and possibly were distributaries of larger channels.

In general, the composition of the channel sediments of the
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EXPLANATION

Moenkopi formation De Chelly sandstone mem 
ber of Cutler formation

Contact

Channel

Uranium mine or prospect

FIGURE 14. Channel system in the Shinarump member of the Chinle formation on Holiday Mesa, 
Monument Valley area, San Juan County, Utah.

Shinarump member are similar to those outside the channels, 
though some minor differences were noted (table 2). Fragments 
of Moenkopi several feet long and up to 1 foot thick are common. 
These fragments of Moenkopi are found throughout the basal 
part of the Shinarump member but are more numerous and 
larger in the channel sediments, and they are particularly nu 
merous in the sediments near the bottom of the channels. Sand 
stone in some channels appears to contain more calcite cement



116

than sandstone of the Shinarump elsewhere. The large channel 
on the west side of Hoskinnini Mesa (fig. 12, no. 21), the south 
ernmost channel on Holiday Mesa (fig. 14), and the Whirlwind 
channel (fig. 15) are particularly rich in calcite. Calcite, the

EXPLANATION

Chinle formation, undifferentiated

Shinarump member of Chinle

Cutler formation

Contact 
Dashed where approximately located

Channel

Adit

FIGURE 15. Whirlwind channel in the Shinarump member of the Chinle formation on Monitor 
Butte, Monument Valley area, San Juan County, Utah.

dominant cement in these areas, has replaced the silica cement 
and also partly replaced the quartz grains in the sandstone (pi. 
12). Carbonaceous and silicified wood is equally abundant both 
within and outside of the channel sediments.
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TABLE 2. Semiquantative spectrographic analyses1 of samples from 
Monument Valley, Utah

[Trace, near threshold amount of element: 0, not present in threshold amounts or higher. All 
analyses by the U.S. Geological Survey]

Mineral

Si.......................
Al.......................
Fe.......................
Ti.......................
Mn......................
Ca.................... ...
Mg......................
Na......................
K .......................
B.......... .............
Ba.......................
Be.......................
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1 The concentrations of the elements as determined by semiquantitative spectrographic analysis 
are bracketed into groups each of approximately one-third of an order of magnitude, X4 indi 
cating the higher portion (10 to 5 percent), X the middle portion (5 to 2 percent), and X  the 
the lower portion (2 to 1 percent). Comparisons of this type of semiquantitative results with 
those obtained by quantitative methods, either chemical or spectrographic, show that the assigned 
group includes the quantitative value in about 60 percent of the analyses.

NOTE. Looked for but not detected: P, Ag, As, Au, Bi, Cd, Ce, Dy, Er, Gd, Ge, Hf, Hg, In, Ir, 
Li, Nb, Os, Pd, Pt, Re, Rh, Ru, Sb, Sn, Sm, Ta, Th, Tl, Te, W.
1. D-86984 Mudstone from lower portion of the Chinle formation, northeast side of Monitor 

Butte. Sec. 11, T. 41 S., R. 13 E. Analyst: G. W. Boyes, Jr.
2. D-81175 Shinarump member from sec. 15, T. 42 S., R. 14 E., 2 miles northwest of Oljeto 

Trading Post. Analyst: R. G. Havens.
3. 226707 Hyalite opal in sandstone from near the base of the Shinarump member of the Chinle 

formation about 10 feet from ore in the East workings of the Skyline mine, SW%NW^4 
sec. 26, T. 43 S., R. 15 E. Analyst: N. M. Conklin.

CHINLE FORMATION, UNDIFFERENTIATED

The undifferentiated part of the Chinle formation crops out in 
the western part of the area, where it forms steep slopes and 
badland topography. The undifferentiated Chinle is 825 feet 
thick on the north side of Monitor Butte and 925 feet thick at the 
north end of Piute Mesa (Baker, 1936, p. 47-48). The forma-



118 CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

tion apparently thins north and west of Monument Valley. Verte 
brate and invertebrate fossils in the Chinle show it to be of Late 
Triassic age (Gregory, 1917, p. 46-47; Camp, 1930, p. 4). Baker 
(1933, p. 41) found fossils that indicated fresh-water deposition.

This part of the Chinle is composed chiefly of variegated shale 
and mudstone with minor amounts of sandstone and limestone. 
In general, red sandstone is common in the upper part of the 
formation, limestone is common in the middle of the unit, and 
gray sandstone lenses are scattered throughout the lower part of 
the formation. The limestone beds are thin and discontinuous, 
commonly cherty, and in many places associated with mud-pellet 
and limestone pebble conglomerate. Several investigators have 
reported the presence of montmorillonite clay and volcanic ash 
in the Chinle of Utah and New Mexico (Waters and Granger, 
1953).

The Chinle represents a continuous unbroken sequence of de 
position from the base of the Shinarump member to the contact 
with the overlying Wingate sandstone. The contact between the 
Chinle and the overlying Wingate in the Monument Valley area 
seems conformable; in other parts of the Colorado Plateau, 
Gregory (1917), Longwell and others (1925), and Gilluly (1929) 
report an unconformity between these units.

The lower mudstone units of the Chinle formation on Moni 
tor Butte are more radioactive than other rocks in the region 
except for the Shinarump near known ore deposits. Readings 
as high as 0.2 milliroentgen per hour were recorded from out 
crops along the Whirlwind mine road. A 4-foot channel sample 
taken from the mudstone assayed 0.002 percent U308 .

GLEN CANYON GROUP

The Glen Canyon group, consisting of the Wingate sandstone 
(Upper Triassic), the Kayenta formation (Lower Jurassic?), 
and the Navajo sandstone (Jurassic and Jurassic?), was mapped 
as a unit. The Glen Canyon group caps Monitor Butte, No 
Mans Mesa, and Piute Mesa (pi. 10). Most of the Navajo sand 
stone has been removed by erosion, leaving the Kayenta cover 
ing most of the mesa tops above the vertical cliffs of the Wingate 
sandstone.

The Wingate sandstone is a massive festoon-crossbedded red 
dish-brown sandstone unit about 300 feet thick. The Kayenta 
formation is thick-bedded reddish-brown sandstone and shale 
about 250 feet thick. The Navajo sandstone is massive festoon-
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PHOTOMICROGRAPH OF CALCITE REPLACEMENT IN THE SHINARUMP
MEMBER OF THE CHINLE FORMATION 

Calcite replacement typical of the lower channel sediments. The calcite (e) has
completely replaced the original chalcedony cement and has partly replaced
the quartz grains (q) of the sandstone. X 300 (approx).

510524 O - 59 ( Face p. 118)
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PHOTOMICROGRAPH OF CHALCOCITE REPLACEMENT AT THE WHIRLWIND MINE 

Chalcocite (c) has completely replaced the calcite cement and has partly replaced the quartz grains (g) of
the sandstone. X 300 (appro*) .
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crossbedded gray sandstone and was probably about 800 feet 
thick before erosion.

IGNEOUS ROCKS

One small igneous dike crops out on the south side of Oljeto 
Mesa about 2 miles southeast of the Oljeto Trading Post (pi. 
10). It can be traced for about 800 feet from the valley floor to 
the top of Oljeto Mesa. It cuts the DeChelly sandstone member 
and Hoskinnini tongue of the Cutler formation of Permian age, 
the Moenkopi formation of Early and Middle (?) Triassic age, 
and the Shinarump member of the Chinle formation of Late 
Triassic age. Over the greater part of its outcrop the dike is 
about 15 feet wide. The contact with the country rock is sharp, 
and the adjacent sedimentary rocks are only slightly altered. 
Williams (1936, p. 133) described the dike as columnar minette, 
a potash-rich basaltic rock containing a mixture of potash feld 
spar and biotite associated with pyroxene and olivine.

The core of the dike is massive, black, and fresh, and near 
the margins the dike grades into somewhat altered gray and 
greenish-gray slabby rock. The dike reaches the present surface 
of Oljeto Mesa and spreads into a small mass of columns that 
are roughly fan shaped in cross section. The dike probably was 
intruded when the level of erosion was at the level of the present 
mesa surface, probably in the late Tertiary. Williams (1936, 
p. 148) regards the igneous rocks of the Monument Valley area 
as of probable Pliocene age.

STRUCTURE

The part of Monument Valley that was mapped is on the west 
flank of the northward-trending Monument upwarp, one of the 
major structural features of the Colorado Plateaus. The Monu 
ment upwarp is a broad regional anticline comparable to the 
Circle Cliffs (Waterpocket Fold) and the San Rafael Swell. It is 
asymmetrical, with the steeper dips on the east flank. The up 
warp is modified by a number of superimposed northward-trend 
ing anticlines and synclines.

The normal faults shown on the map (pi. 10) trend generally 
eastward and displace the Triassic and Permian rock units 
40 to 100 feet. They are probably tension faults associated 
with the southward plunging nose of the Monument upwarp.

All the rock units are strongly jointed. The joints in the thick 
sandstone units are best developed. Most of the joints plotted 
on the geologic map (pi. 10) were observed in outcrops of the 
Cedar Mesa and DeChelly sandstone members of the Cutler
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formation, the Shinarump member of the Chinle formation, and 
the Wingate sandstone. In general the joints form 2 well-de 
veloped seats, 1 of northwestward trend and 1 of northeastward 
trend. These 2 sets form a system oriented about 45° to the 
trend of the major fold axis of the region. All the joints noted 
were nearly vertical.

The pattern formed by the major folds and an observable 
northward-trending thrust fault, overthrust from the west, just 
north of the mapped area, suggests that the major folds were 
produced by strong compressional forces from the west. This 
supposition is strengthened by the strikes of the major joint 
system, which reflect shearing oblique to the direction of major 
stress. However, a second hypothesis, that the asymmetrical fold 
and associated joints are surface expressions of deep-seated faults 
in the crystalline basement rocks, is equally tenable.

URANIUM-VANADIUM DEPOSITS

Uranium ore has been found only within channel sediments of 
the Shinarump member. A careful check along many miles of the 
contact between the Shinarump member and the Moenkopi for 
mation showed no abnormal radioactivity except at or near the 
bottom of channels. Uranium, vanadium, and copper minerals 
are usually restricted to the lower 3 feet of the channel sediments 
or to the Moenkopi formation at the bottom of the channels. 
The reason for this localization of ore deposition is not fully 
understood, but it is thought to be the result of the confinement 
of ground water to the channels at the time of ore deposition.

The uranium-vanadium deposits are tabular to lenticular 
bodies localized in basal channel sediments of the Shinarump 
member. In cross section the deposits are biconvex or planocon 
vex with a flat top and with the greatest thickness of ore near 
the deepest part of the channel. The margins of the ore bodies 
commonly pinch out abruptly against the flanks of the channel. 
Because the ore is restricted to the channel sediments of the 
Shinarump the trend of the deposits coincides with the trend of 
channels. The thickest and highest grade ore is commonly re 
stricted to deep scours and irregularities in the channel bottoms.

All mineral deposits observed in the area are small. They 
range in thickness from a minimum of 1 to 2 inches to a maxi 
mum of 10 feet. Their linear extent has not been determined in 
most places, but drilling and mining operations have shown the 
deposits to be spotty and commonly less than 200 feet long. Bar 
ren ground separates adjacent deposits within the same channel.
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Within the deposits uranium minerals are in small but high- 
grade pockets with lean, sparsely mineralized areas between.

The deposits consist of uranium, vanadium, and copper min 
erals disseminated throughout the rocks; distributed along bed 
ding planes, fractures, and joints; or coating pebbles, clay galls, 
and carbonaceous material. In some of the deposits the ore min 
erals have replaced the cementing minerals (quartz and calcite) 
and have in part replaced the pebbles and sand grains of the 
sandstone. Ore is commonly restricted to conglomerate or to 
fractured or porous sandstone near the base of the unit.

MINERALOGY

The most common ore mineral is tyuyamunite, Ca( UC^h 
(VO4 ) 2-7-101/^H20, the yellow fine-grained hydrous calcium 
uranium vanadate. It occurs with lesser amounts of uranophane, 
Ca(U02 ) 2Si207-6H20, autunite, Ca(U02 ) 2 (P04 ) 2-10-12H20, and 
torbernite, Cu(U02 ) 2 (P04 ) 2-8-12H20. Small amounts of 
uraninite, U02, U03, (identified by X-ray) have been found by 
the authors in the workings at the Mitten No. 1 mine and in drill 
core from Holiday Mesav ., Uraninite is associated with corvusite, 
V204-6V205-ttH20, and navajo\1te(?), V205-3H20, in the Mitten 
No. 1 mine and with carbonaceous material on Holiday Mesa. 
Uraninite was also found in the Skyline mine (A. D. Weeks, oral 
communication), and calciovolborthite is common in the Whirl 
wind mine.

The uranium and vanadium minerals occur with copper min 
erals. Malachite, azurite, and chalcanthite are abundant in 
weathered exposures on the rim, and the copper sulfides, chalco- 
cite, chalcopyrite, and bornite are common in the mines (pi. 13). 
In many places an apparent inverse quantitative relation ex 
ists between copper and uranium. For example, at the Quartz 
claim (pi. 10) on Hoskinnini Mesa, copper minerals impreg 
nate basal sediments of a very large scour channel, but no 
uranium minerals have been found even though this type of 
environment is favorable elsewhere in Monument Valley for the 
deposition of uranium-vanadium ore. Conversely, copper is com 
monly less abundant in the higher grade uranium-vanadium de 
posits, as for example, in the Mitten No. 1 mine (pis. 10 and 11), 
the Skyline mine (pis. 10 and 11), and the Whirlwind mine 
(pi. 10 and fig. 15). This suggests that the copper and uranium 
and vanadium minerals may not be genetically related but prefer 
the same host rock. It is possible that the minerals were em- 
placed at different times and from different solutions.
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The extensive leaching, movement, and redeposition of both 
the copper and the uranium and vanadium minerals obscure the 
relationship. Where the sequence of deposition can be deter 
mined, the secondary uranium minerals appear to be later than 
the sulfide copper minerals.

Fluorescent silica is commonly associated with the uranium- 
vanadium deposits in Monument Valley. The silica is commonly 
hyalite and less commonly chalcedony. Though hyalite is wide 
spread in the area, only that near ore is strongly fluorescent. In 
general, fluorescence decreases in intensity as the distance from 
ore increases. Fluorescent silica is localized near the bottom or 
on the sides of the channels and also downdip from ore deposits 
on rim exposures. It coats pebbles and clay galls and fills open 
ings along joints and fractures. Preliminary laboratory studies 
indicate that the fluorescence is due to small amounts of uranium 
in the silica. The intensity of fluorescence increases directly with 
the increase in uranium content, as shown in table 3.

TABLE 3. Fluorescent-silica samples from Utah and Arizona tested by 
quantitative chemical methods

[Analyses by J. Howard McCarthy]
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GENESIS

Several hypotheses to account for uranium deposits in differ 
ent parts of the Colorado Plateau have been proposed: syngenetic 
deposition (Fischer, 1942, p. 389), deposition from migrating 
ground-water solutions that had gained their uranium content 
by leaching preexisting ore deposits or slightly uraniferous 
rocks (Waters and Granger, 1953, p. 21-22), and deposition from 
ascending hydrothermal solutions (Waters and Granger, 1953, p.
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23). Any hypothesis of genesis or the uranium deposits in the 
Monument Valley region must account for several features of the 
deposits. These features include apparent age as determined 
from lead-uranium ratios, physical environment, mineralogic 
type, and mineralogic association.

The apparent age of these deposits on the basis of lead-uranium 
ratios is 60-70 million years (Stieff, Stern, and Milkey, 1953). 
This figure is nearly 100 million years less than the age of the 
host rock and, therefore, is not compatible with a syngenetic or 
approximately syngenetic origin of the uranium deposits. The 
age of the deposits in the Shinarump member is also in general 
accord with age determinations made for deposits in the Entrada 
sandstone (Late Jurassic) and the Morrison formation (Late 
Jurassic) in other areas on the Colorado Plateaus. The general 
accordance of ages of deposits so widely distributed in the geo 
logic section, if correct, can best be explained by a geographically 
widespread, approximately contemporaneous, mineralization of a 
number of geologically favorable formations on the Colorado 
Plateaus. Such widespread mineralization within restricted time 
limits could be explained most readily by widespread hydrother- 
mal activity.

The fact that all known deposits in Monument Valley, Utah, 
are in the lower part of sediments of the Shinarump member 
that fill scour channels suggests that the ore was emplaced by 
migrating water. Ground water moving through a partly filled 
aquifer might be expected to migrate toward depressions or ba 
sins in the surface over which it moves and to deposit ore in these 
depressions.

ZONING

In the Monument Valley area, Utah and Arizona, many of the 
uranium-vanadium ore deposits are zoned both laterally be 
tween individual ore bodies in the same channel and vertically 
 within individual deposits. The higher grade vanadium ore is 
concentrated in the lower parts of the deposits, with higher grade 
uranium ore above. Where more than one deposit occurs in 
the same channel, those down the dip of the channel contain more 
vanadium. Hess (1933, p. 464) reports similar zoning within 
deposits in the Morrison formation, with ore in the lower parts 
of a deposit having a higher vanadium content than ore in the 
higher parts, although at that time there were no deep workings 
and little was known of the unoxidized ore bodies.

The lateral zoning is best observed in the Skyline channel on
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Oljeto Mesa (pis. 10 and 11), where the mine workings are in 
two separate ore bodies in the channel. The deposit at the Sky 
line mine is updip, and half a mile east of the Mitten No. 1 mine. 
The vanadium-uranium ratio for ore from the Skyline mine is 
about 0.25:1 and the vanadium-uranium ratio for ore from the 
Mitten No. 1 mine is about 2:1. This difference is reflected in the 
ore minerals found in the two mines. The common ore mineral 
at the Skyline mine is tyuyamunite, which is associated with lesser 
amounts of uranophane and autunite. No vanadium-bearing 
minerals other than tyuyamunite were noted. In contrast, the 
deposit at the Mitten No. 1 mine contains corvusite and tyuyamu 
nite in association with navajoite(?) and vanadium-rich clay. 
In the deeper parts of the scours the ore is very dark, usually 
black or blue black.

In Monument Valley, Ariz., lateral zoning was observed at the 
Monument No. 1-Mitten No. 2 workings, and R. E. Thaden (oral 
communication) noted a similar zoning at the Monument No. 2 
mine.

Most of the ore deposits of the Monument Valley are zoned 
vertically. The vanadium-uranium ratio of the ore in the deeper 
parts of the scour channels is larger than the vanadium-uranium 
ratio of overlying ore.

We believe that both types of zoning represent primary deposi- 
tional features of the ore deposits rather than the result of some 
process of supergene enrichment. If the zoning resulted from the 
oxidation of material in the upper parts of an originally homo 
genous ore body, high-valent vanadium (V+5 ) would be expected 
in the upper (oxidized) zone, and low-valent (V+4 ) minerals 
would be expected in the lower (less oxidized) parts of the de 
posits. Indeed, these relations are found in Monument Valley 
and elsewhere in the Colorado Plateau and have been discussed 
by Alice D. Weeks (written communication) and R. M. Garrels 
(written communication, 1953). However, supergene enrich 
ment is inadequate to explain an increase in the vanadium-uran 
ium ratio in the lower parts of the deposits. The result should 
be an increase in uranium downward and a decrease upward, as 
uranium is generally more readily soluble than vanadium in alka 
line oxidizing solutions (Alice D. Weeks, oral communication). 
This is the reverse of the relative positions of high vanadium- 
uranium ratios observed in the mines; therefore, some other 
process or processes are necessary to explain the zoning.

It is assumed from the presence of vanadium minerals with 
values of + 3 and -f- 4, uraninite, and sulfide minerals associated
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with carbonaceous material, that the deposits were formed in a 
reducing environment. If this assumption is correct, then uran 
ium, which is less soluble under acid reducing conditions, would 
be deposited before the vanadium from a solution containing 
both uranium and vanadium. If it is assumed that ore solutions 
were moving downdip in the channels it is reasonable to expect 
that the uranium would be deposited first, updip from the vana 
dium. This fits well with the distribution of the low-valent 
uranium and vanadium minerals in the mine. It is then assumed 
that the deposits were brought into the zone of oxidation by ero 
sion. Under alkaline oxidizing conditions the uranium minerals 
are in general more readily soluble than the vanadium minerals. 
Under these conditions the uranium could become remobilized 
and move downdip along the bottoms of channels, transgressing 
the vanadium-rich pockets deposited downdip in the primary 
deposits. This process would account for the distribution of the 
uranium and vanadium as it is now observed in the deposits.

ORE GUIDES

Many guides to ore have been suggested by various writers. 
In general these guides can be divided into three categories: 
sedimentary, structural, and mineralogic. A list of many of the 
ore guides is given below. The presence of uranium and vanad 
ium minerals and radioactivity are well established guides to 
uranium ore and need no further discussion here. Of the remain 
ing guides listed, only those considered most important in the 
Monument Valley area, Utah, are discussed in detail. Those 
guides that the authors believe are outstanding for the area are 
in italic.

Sedimentary guides:
Channels
Potholes within channels
Channel bends (change in direction)
Galls
Carbonaceous material
Conglomerate lenses
Friable sandstone
Fossil wood
Crossbedded sandstone
Lenticular sandstone
Mudstone splits 

Mineralogic guides:
Uranium and vanadium minerals
Radioactivity
Fluorescent silica
Copper minerals
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Mineralogic guides Continued
Jarosite
Pyrite
Iron oxide
Thick bleached zone in Moenkopi 

Structural guides:
Synclines
Anticlines
Faults and joints cutting channels
Faults and joints on flanks of anticlines
Broad swales in the Moenkopi (areas of thinner deposition)

CHANNELS

Scour channels cut into the top of the Moenkopi and filled with 
sediments of the Shinarump member are an important guide to 
ore. All known ore is in channels. Although some channels may 
be barren, any channel is a potential site for ore deposition and 
is worthy of some exploration. During the past few years most 
of the obvious channels have been prospected where they are 
exposed on the mesa rims; however, little drilling has been done 
outside of the Oljeto area and there are still many linear miles of 
unexplored channels.

FLUORESCENT SILICA

Fluorescent silica containing small quantities of uranium has 
been found adjacent to many of the uranium-vanadium ore 
bodies in the area. The silica usually fills fractures or coats 
pebbles. Under ultraviolet light the silica fluoresces with the 
green to yellowish-green color typical of uranium minerals. Un 
der white light the silica is white to yellowish brown.

The presence of fluorescent silica on a channel outcrop or in a 
drill core may be evidence of the presence of uranium ore in the 
vicinity and may help to evaluate the favorability of the chan 
nels for the occurrence of uranium.

POTHOLES WITHIN CHANNELS

Potholes in the base of channels are common sites for the lo 
calization of ore. This has been well established by mining in the 
area. The higher grade ore at both the Skyline mine and the 
Mitten No. 1 has been found in deep potholes at the bottom of 
the channel. Any exploratory drifts or drilling should be di 
rected toward the location of the deeper parts of the channels.

COPPER MINERALS

The presence of copper minerals is usually a good guide to ore 
in Monument Valley. In all the deposits examined the uranium
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and vanadium minerals are associated with copper minerals, but 
in some places copper minerals are found where there is no 
known uranium or vanadium. The value of this guide is the ease 
with which copper minerals can be seen on weathered outcrops 
or located by geochemical prospecting.

SUGGESTIONS TO PROSPECTORS

The locations of the mines and prospects in the Monument 
Valley area, Utah, suggest that the channels of intermediate 
size, 60-100 feet deep and about 300 feet wide, are more favorable 
for the occurrence of ore deposits than the extremely large chan 
nels or the smaller ones, and that the area around Oljeto and to 
the south along the Oljeto syncline is probably more favorable 
for prospecting than Hoskinnini Mesa and adjacent areas to the 
west.

All the ore deposits are in channels filled with sediments of 
the Shinarump member, and any channel may be regarded as 
a potential ore-bearing area. Careful examination of exposed 
channels should be made and the guides to ore, listed previously, 
evaluated. The presence of uranium minerals, high radioactivity, 
or fluorescent silica may well indicate ore behind the rim 
exposures.

Drill cores and cuttings should be carefully examined for 
radioactivity, uranium minerals, copper minerals, and fluorescent 
silica, and lithologic changes should be noted. Care should be 
taken to obtain reliable collar elevations of all holes, and the 
depth to the Moenkopi contact should be established. Any sudden 
decrease in the elevation of the contact may indicate a depres 
sion or deeper scour, many of which are known to contain ore 
deposits.
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